ABSTRACT The long-term costs and efÞcacy of two treatment methodologies for German cockroach, Blattella germanica (L.), control were compared in the public housing environment. The "traditional" treatment for German cockroaches consisted of monthly baseboard and crack and crevice treatment (TBCC) by using spray and dust formulation insecticides. The integrated pest management treatment (IPM) involved initial vacuuming of apartments followed by monthly or quarterly applications of baits and insect growth regulator (IGR) devices. Cockroach populations in the IPM treatment were also monitored with sticky traps. Technician time and the amount of product applied were used to measure cost in both treatments. Twenty-four hour sticky trap catch was used as an indicator of treatment efÞcacy. The cost of the IPM treatment was found to be signiÞcantly greater than the traditional treatment, particularly at the initiation of the test. In the Þrst month (clean-out), the average cost per apartment unit was $14.60, whereas the average cost of a TBCC unit was $2.75. In the second month of treatment, the average cost of IPM was still signiÞcantly greater than the TBCC cost. However, after month 4 the cost of the two treatments was no longer signiÞcantly different because many of the IPM apartments were moved to a quarterly treatment schedule. To evaluate the long-term costs of the two treatments over the entire year, technician time and product quantities were averaged over all units treated within the 12-mo test period (total 600 U per treatment). The average per unit cost of the IPM treatment was ($4.06). The average IPM cost was signiÞcantly greater than that of the TBCC treatment at $1.50 per unit. Although the TBCC was signiÞcantly less expensive than the IPM treatment, it was also less effective. Trap catch data indicated that the TBCC treatment had little, if any, effect on the cockroach populations over the course of the year. Cockroach populations in the TBCC treatment remained steady for the Þrst 5 mo of the test and then had a threefold increase during the summer. Cockroach populations in the IPM treatment were signiÞcantly reduced from an average of 24.7 cockroaches per unit before treatment to an average 3.9 cockroaches per unit in month 4. The suppressed cockroach populations (Ͻ5 per unit) in the IPM treatment remained constant for the remaining 8 mo of the test.
carry a number of pathogenic organisms Willis 1957, Roth and Willis 1960) and can transfer these organisms to food and surfaces that they contaminate with their cast skins and fecal material (Brenner et al. 1990 , Kang 1990 ). However, the most signiÞcant health risk associated with German cockroach infestation is the production of allergens (Brenner et al. 1990 ). These allergens accumulate in apartment units, become airborne, and are inhaled by the residents (Kang and Chang 1985) .
The inhabitants of public housing are often the elderly or children. Both are sensitive to bronchial contaminates (Pope et al. 1993 ). Yet, these individuals frequently live with very large populations of cockroaches. During the winter, residents close up their apartments and turn on the heat. It is during these periods that the cockroach frass dries out and the allergens become airborne. Thus, the indoor air quality is greatly compromised. Inhalation of cockroach allergens has been identiÞed as a major cause of asthma in inner city children (Rosenstreich et al. 1997) .
When you combine these preconditions of sensitive occupants, poor sanitation, and cockroach allergens, it makes little sense to apply spray formulation pesticides in this environment (Landrigan et al. 1999) . However, spray applications of residual insecticide, either as a preventative or a remedial treatment, have been the primary method of German cockroach control in public housing for the past 50 yr (Byrne and Carpenter 1986) . The continued use of insecticide spray is even more perplexing when you consider the widespread documentation of German cockroach resistance to pyrethroids, organophosphates, and carbamates (Cornwell 1976; Robinson and Zungoli 1985; Cochran 1990 Cochran , 1991 . However, the main reason for the persistence of monthly insecticide sprays is that spraying is inexpensive both in cost and labor (Bennett and Owens 1986) . The insecticide spray may cost as little as 2¢ per apartment unit per month, and it may take Ͻ2 min for the applicator to apply.
Outside of the public housing environment, there is considerable concern about cockroach resistance and the health risks associated with pesticide use (Cooper 1999, Greene and Breisch 2002) . These concerns have stimulated the use of new pest management strategies that can be integrated to reduce cockroach resistance and the pesticide load in human living space. These integrated strategies are collectively referred to as integrated pest management (IPM). IPM for German cockroach control relies primarily on three tactics: prevention, monitoring, and the use of reduced toxicity control products. Prevention consists of increased sanitation, speciÞcally, the removal of cockroach food, water, and harborage resources. Monitoring involves of the use of sticky traps and/or careful visual inspections to determine whether cockroaches are present and whether chemical control methods need to be applied. Reduced toxicity control products are those that have low mammalian toxicity and can be placed in precise locations (precision targeting) where they are available to cockroaches but inaccessible to residents (e.g., baits or bait stations and insect growth regulator [IGR] 
devices).
Compared with the calendar-based application of spray insecticides, IPM programs can reduce the amount of pesticide applied in the environment, eliminate unnecessary pesticide applications, and the target pesticide products more precisely. Yet, it has always been assumed that IPM would be prohibitively expensive (Snell and Robinson 1991 , Hedges 2000 , Greene and Breisch 2002 in the public housing environment, and that the lack of resident cooperation to clean their apartments would nullify control efforts. There exists considerable evidence to support the opinion that a lack of sanitation reduces the efÞcacy of IPM products (Burden and Smittle 1975 , Bennett and Lund 1978 , Farmer and Robinson 1982 , Bertholf 1983 ). However, proponents of IPM argue that the program as a whole would provide superior control even in conditions of poor sanitation (Kramer et al. 2000) . Subsequently, improved control would reduce the need for additional pesticide applications, making IPM more cost-effective over the long term. To date, there have been no Þeld evaluations of the long-term costs and efÞcacy of an IPM program that did not Þrst require residents to clean their apartments. Is it possible to control cockroach populations in conditions of poor sanitation by using IPM techniques? If so, how much more would it cost than the traditional method of monthly spray applications?
Our purpose was to examine the long-term cost and efÞcacy of an IPM program for German cockroach control in public housing. SpeciÞcally, we compared the amount of pesticide applied, the treatment costs, and the efÞcacy of two German cockroach control programs: IPM, and traditional, calendar-based, applications of spray formulation insecticide.
Materials and Methods
Field Site Conditions. Evaluations of cockroach treatment regimens were conducted from January to December 2002 in a public housing facility located in Portsmouth, VA. The facility consisted of duplex, fourplex, and eight-plex brick buildings that were either single or two-story, built on slab foundations. The public housing complex was built in 1953 and has been under numerous pest control contracts since that time. The complex was treated with spray formulations of chlorpyrifos (Dow AgroSciences, Indianapolis, IN) between 1992 and 1997. After 1997, the complex was treated with a variety of cockroach bait products. In addition, vacated units were fogged with Whitmire ULD BP 100 (1% pyrethrins, 2% piperonyl butoxide [PBO] , Whitmire Micro-Gen, St. Louis, MO) between occupants.
The current pest management contractor had been applying alternate formulations of cockroach gel bait every 3 mo (imidacloprid, Þpronil, and hydramethylnon) to prevent cockroach resistance. The contractor charges the Public Housing Authority $1.70 Ð2.00 per unit per month for this service. Special services (due to resident complaints) are charged at $45.00 each. In January 2002, the pest management contractor was scheduled to begin a spray campaign for German cockroach control in the nontest buildings. The spray campaign had been implemented in response to a high number of cockroach complaints from residents. The spray treatment required residents to empty their cupboards and closets to allow for applications of Archer (1.3% pyriproxyfen, Syngenta Professional Products, Greensboro, NC) combined with Kicker (6% pyrethrins plus PBO, Aventis Crop Science, Research Triangle Park, NC) and Cy-Kick (0.1% cyßuthrin; Whitmire Micro-Gen). After the one-time spray treatment the contractor was to resume the monthly bait applications in all nontest units.
Building Selection. During our initial inspection of the housing complex (October 2001), we observed that sanitation levels varied among the individual units within each building. However, all buildings inspected had active German cockroach infestations and conditions conducive to cockroach survival.
To determine baseline cockroach infestation levels, whole buildings were monitored using sticky traps (Orkin Report Card, Woodstream Co., Lititz, PA) in November 2001. Three traps were placed in each apartment unit, one above the kitchen sink, one below the kitchen sink, and one behind the toilet. A total of 150 apartment units were monitored for 24 h. After the monitoring period, traps were removed and trap catch recorded. Those buildings with the highest levels of infestation were selected for participation in the test. Buildings were randomly divided between two treatment regimens, so 50 apartment units were in each test group. Buildings were then classiÞed as either IPM (IPM; 10 buildings) or Traditional Baseboard, Crack and Crevice (TBCC; 12 buildings).
Treatment Regimens. Individual treatments, either IPM or TBCC, were applied only to the kitchens and bathrooms in each apartment unit. All treatments were applied by trained, certiÞed pest management personnel (PMPs), from the Orkin Pest Control Company. The speciÞc products (spray, dust, bait, and IGRs) used for both the TBCC treatment and the IPM treatment were selected by us and the Orkin PMPs as the most appropriate for the applications and most effective against German cockroaches. Treatment regimens were implemented in January 2002 and applied for one calendar year. The Þrst application or "cleanout" was intended for PMPs to remove or kill as many cockroaches as possible on the Þrst visit. Both the clean-out and monthly maintenance treatments allowed PMPs to use as much time and product as they felt necessary to impact the cockroach population. IPM and TBCC treatments were applied to each apartment "as is." In other words, housing residents were not required to empty their cupboards or clean their units at any time during the test.
TBCC Treatment. Clean-out for the TBCC buildings involved the PMPs making thorough applications of spray and dust formulation insecticide to bathrooms and kitchen areas. The products used were Tempo SC Ultra (aqueous solution of 0.025% beta-cyßuthrin; Bayer Crop Science, Kansas City, MO.) formulated in a B&G sprayer (1-gal Prime Line 2000, B&G Equipment Co. Jackson, GA) for baseboard application, and Borid Turbo dust (aerosol formulation of 20% orthoboric acid, Waterbury Companies Inc., Waterbury, CT) for crack and crevice application. After the initial treatment, PMPs continued to make monthly applications of spray and/or dust as they saw Þt. All TBCC units were monitored monthly with sticky traps (Roach Motel, Clorox Co., Oakland, CA) for 24 h to measure treatment efÞcacy.
IPM Treatment. Sanitation was used as one of the initial clean-out strategies in the IPM treatment. PMPs used the LilÕ Hummer backpack style vacuum (ProTeam Inc., Boise, ID) to remove cockroaches and other debris from kitchen and bathroom areas. Vacuuming was used only twice during the test, at the initial clean-out and again 6 mo later. Sticky traps (Roach Motel, Clorox Co.) were also used as part of the IPM program to monitor cockroach populations. After initial clean-out, IPM buildings were monitored monthly (24 h) with sticky traps. If monitoring indicated a decline in German cockroach populations after 3 mo of treatment, treatment would be applied on a quarterly basis. SpeciÞcally, if a unit had two cockroaches or less in all three traps it would be placed on a quarterly treatment schedule. If a unit had Ͼ2 cockroaches in the three traps, the unit would continue to be treated on a monthly basis. If monitoring indicated that the cockroach population had increased in a unit after the quarterly service, that unit resumed treatment on a monthly schedule. The reduced toxicity control products used in the IPM tests were Maxforce Bait Gel (2.15% hydramethylnon, Clorox Co.), and the Gentrol Point Source (90.6% hydroprene, Wellmark International, Schaumburg, IL). Bait was applied only as needed and the IGR delivery devices were replaced every 3 mo according to the label. All units in the IPM test were monitored monthly with sticky traps for 24 h to measure treatment efÞcacy.
Data Collection: Quantification of Labor and Pesticide Costs. Technician Time. Upon arrival at the test site, the technicanÕs time was recorded with a stopwatch. Technician time included the time the PMP spent preparing equipment, formulating insecticide, and treating each apartment unit. Total technician time was calculated for both the IPM and TBCC treatments and then divided by the number of apartment units (50) to get an average time spent per unit.
Labor Cost. Technician time was valued at $60.00/h ($1.00/min, industry standard) to calculate labor (plus overhead) costs. The technician time used to apply treatment was compared to determine the average labor cost per apartment unit for both the IPM and TBCC treatments ( Table 1) .
Amount of Formulation Applied. Treatment products were weighed in the application equipment before and after application to calculate the number of grams of product applied in each apartment unit. Total product applied was calculated for both the IPM and TBCC treatments then divided by the number of apartment units (50) to get the average number of grams applied per unit.
Product Cost. The number of grams applied in each unit was converted into a dollar value to compare the average product cost per apartment unit for both the IPM and TBCC treatments (Table 1) .
Treatment Efficacy. Comparison of Trap Catch. A total of three sticky traps (Roach Motel, Clorox Co.) were placed (one above the kitchen sink, one below the kitchen sink, and one behind the toilet) in each apartment unit every month and retrieved after 24 h. Average monthly trap catch per apartment unit was compared by treatment to determine treatment efÞ-cacy over the 1-yr test period. All units in each treatment were trapped every month to collect efÞcacy data. However, the time and cost data associated with monitoring IPM units on the quarterly treatment schedule were not recorded each month, but recorded quarterly only.
Statistical Analysis. Data were collected monthly for 1 yr to compare the long-term costs and efÞcacy of the two treatments. Monthly comparisons of technician time, amount of product applied, and treatment costs were analyzed using analysis of variance (ANOVA). Means were separated using FisherÕs least signiÞcant difference test (SAS Institute 1999). The cumulative (12 mo) average per unit cost of each treatment was compared using StudentÕs t-test (SAS Institute 1999) .
EfÞcacy data (trap catch) were analyzed using Proc GLM (SAS Institute 1999) for nested repeated measures. The infested buildings were the experimental units and the apartment units within each building were the nested populations. The interest of this analysis was to test the interaction between the time and treatment. The expectation was that there would be no difference in the cockroach populations at the beginning of the test but that the effect of the treatments would be reßected in changes within the cockroach populations over time. Mean differences in the cockroach populations were compared at particular months to determine differences between the IPM and TBCC treatments. An additional feature of this analysis was the inclusion of the baseline population measurements as a covariate. Because the apartments differed in the initial levels of infestation before treatment, the initial untreated population means were adjusted and transformed using the square-root transformation to improve the homogeneity of the variances and the normality of the data. For all tests, values of P Յ 0.05 were used to indicate signiÞcance (SAS Institute 1999).
Results
Levels of cockroach infestation were assessed in all buildings selected for participation in the test before any treatment was applied. Twenty-four hour trap catch in buildings that were randomly assigned to the TBCC treatment averaged 13.1 Ϯ 3.9 (range, 0 Ð158) cockroaches per unit, with only 6 U out of 50 having no cockroaches trapped in 24 h. Buildings assigned the IPM treatment had an average of 24.7 Ϯ 5.86 cockroaches per unit (range, 0 Ð181), with only three units having no trap catch in 24 h. Although more cockroaches were caught in buildings assigned the IPM treatment, levels of cockroach infestation between the two groups of buildings was not signiÞcantly different (P ϭ 0.10).
Quantification of Labor and Pesticide Costs. The initial clean-out of test apartment units took place in January 2002. Mean technician time to clean-out a single unit in the TBCC treatment was 2 min and 50 s. This time was signiÞcantly less (F ϭ 95.3, df ϭ 11, P Ͻ 0.0001; Table 2) than that taken to clean-out an IPM unit (11 min and 55 s).
Although the time spent treating the IPM units was signiÞcantly greater than in the TBCC units, the amount of product applied was signiÞcantly less (F ϭ 417.8, df ϭ 11, P Ͻ 0.001; Table 3 ). In the TCBB units, an average of 138.1 g of the spray and dust formulations were applied compared with only 5.7 g of bait and IGRs applied in the IPM treatment.
The reduced amount of product applied in the IPM units did not translate into a reduction in cost because the cost of the IPM products were much more expensive than the TBCC products (Table 1) . Even though 24 times more formulated product was applied on average in the TBCC units, the cost was 19 times less ($0.13) than the product cost (not including the monitors) in the IPM units ($2.47). Table 4 lists the monthly cost comparisons of technician time and products applied, including IPM monitors, in the TBCC and IPM treatments. The average clean-out cost of the IPM treatment was signiÞcantly greater than that of the TBCC treatment (F ϭ 131.5, df ϭ 11, P Ͻ 0.0001) with most of the cost being attributed to technician time ($11.74) .
After the initial clean-out, both treatments entered the maintenance phase of the test. Technician time for the IPM treatment in month 2 was signiÞcantly less than it had been in month 1 (Table 2 ; F ϭ 95.34, df ϭ 11, P Ͻ 0.0001). This reduction in technician time was due to the elimination of the vacuuming portion of the initial treatment. Also, IGR devices had a 3-mo residual so the technician had only to apply cockroach bait and put out monitors to complete the IPM treatment. The technician time in the second month (2 min 27 s) of the TBCC treatment was not signiÞcantly different from that of month 1 (2 min 50 s; F ϭ 95.34, df ϭ 11, P Ͻ 0.001). However, the time it took to apply the TBCC treatment in month 2 was still signiÞcantly less than the time to apply the IPM treatment for the same month (4 min 28 s; F ϭ 95.34, df ϭ 11, P Ͻ 0.0001). Although the TBCC treatment data indicated no difference in technician time between months 1 and 2, technician time did decrease over the course of the next 10 mo (Table 2 ; F ϭ 95.3, df ϭ 11, P Ͻ 0.0001). The reason for this decrease was attributed to the technician becoming more efÞcient at applying the baseboard spray in these units and choosing not to apply the residual dust every month.
The amount of product applied in month 2 of the TBCC treatment was signiÞcantly less than that applied during the initial clean-out (Table 3 ; F ϭ 417.8, df ϭ 11, P Ͻ 0.0001). Although the quantity of product applied in the TBCC units was reduced in month 2, the amount was still signiÞcantly greater than that applied in the IPM units in month 2 (Table 3 ). The average amount of product applied in the IPM units during month 2 was not signiÞcantly different that the amount applied in month 1.
The reduction in technician time and amount of product applied in month 2 of the IPM treatment signiÞcantly reduced the average treatment cost from month 1 (Table 4 ; P Ͻ 0.0001). The cost of the TBCC treatment in month 2 did not differ from that of month 1 in either the products or technician time. Although the amount of product applied in the TBCC treatments was signiÞcantly less in month 2 than month 1, the cost of the products was the same due to the relative proportions of the products used. Overall, the costs of the IPM ($5.16 per unit) and TBCC ($2.41 per unit) treatments were more comparable in month 2 than they had been after the initial clean out, but IPM was still signiÞcantly more expensive (P Ͻ 0.0001).
After 3 mo of treating the IPM units, monitoring (trap catch) was used to determine which apartments could be put on a quarterly treatment schedule. In month 4, 28 of the IPM units had fewer than three cockroaches in all three monitors and were put on the quarterly treatment schedule. In month 5, an additional 11 units were put on quarterly treatment. By month 6, 50 apartment units were under the IPM regimen but only 10 units required actual treatment. This savings of technician time and product signiÞ-cantly reduced the average IPM cost to only $1.35 per unit in month 6 (Table 4) . A comparison of IPM and TBCC treatment costs in month 6 indicated that the difference between the two treatments was not signiÞcant (Table 4) . The difference in cost between the two treatments in months 9 and 12 was also not signiÞcant.
To minimize redundancy, a comparison of all monthly treatment costs is not presented here. However, it is important to include the cost analysis of the quarterly treatment months, when all units in the IPM program were treated: month 7 and month 10. In month 7, the average cost of treatment for IPM units was $8.02. This was signiÞcantly greater than the cost of the TBCC treatment, which averaged $1.81 per unit (P Ͻ 0.001). Likewise, in month 10 the average cost of treating an IPM unit was $5.29, which was signiÞcantly more expensive than treating a TBCC unit at $0.71 (P Ͻ 0.001).
However, the costs of the IPM and TBCC treatments cannot be adequately compared on a monthto-month basis. The low cost of the IPM treatment in month 9 is offset by the high cost of IPM in month 7. Therefore, the method for evaluating the true costs of both treatments requires a comparison of average per unit cost over the entire year. Figure 1A compares the cost of technician time averaged over all of the units treated in 2002. In month 1, it took the technician an average of 11 min and 55 s to treat each of the 50 units by using the IPM methodology at a cost of $11.74. In the TBCC treatment, the technician took an average of 2 min and 40 s to treat a unit at a cost of $2.62. By month 2, the technicians had treated a total of 100 units (the same 50 units treated twice). Therefore, to determine the true long-term cost of treating those 100 units, the technician time costs were summed over the 2-mo period and divided by 100. Thus, the average time taken by the technician to service each of the 100 IPM units was 8 min and 30 s ($8.50) . If the cost of technician time is averaged across the entire year, the average time it took a technician to service each of the 600 IPM apartment units was 3 min and 5 s or $3.08 per unit. By using the same method to determine the long-term cost of the TBCC program, it was found that the average cost of technician time was $1.45 per unit. The long-term costs of technician time in the IPM treatment was signiÞcantly greater than the cost of the technician time in the TBCC treatment (t ϭ 9.7, df ϭ 1161, P Ͻ 0.0001).
Using the method described above, the average product costs were also evaluated over the entire year (Fig. 1B) . After treating 600 units, the average product cost for the IPM treatment was $0.98 per unit compared with $0.05 for the traditional treatment. These product costs were signiÞcantly different (t ϭ 19.8, df ϭ 1161, P Ͻ 0.0001).
Finally, the amount of technician time was combined with the product costs to determine the total, per unit service cost over the entire year. Figure 1C illustrates that as more units were treated the difference in costs between the TBCC treatment and the IPM treatment were greatly reduced. However, at the end of 1 yr (600 units), the average per unit cost of the IPM treatment ($4.06) was still Ϸ3 times greater than that of the TBCC treatment ($1.50; t ϭ 12.6, df ϭ 1161, P Ͻ 0.0001).
Treatment Efficacy. Although the cost of a pest control treatment is an important consideration, a low cost is meaningless if the treatment does not work. The TBCC treatment used in this study was far more economical to apply than the IPM treatment, but it did not control cockroaches. The actual monthly trap catch data for each of the two treatments is reported in Fig.  2 .
The results of the nested, repeated measures analysis where whole building populations served as the experimental units are listed in Table 5 . The trap catch data indicates that the traditional treatment did not provide an acceptable level of German cockroach control. Although there was a slight decline in cockroach numbers after the initial TBCC clean-out, the cockroach populations rebounded a month later and quadrupled over the next 6 mo. The TBCC cockroaches Þnally began to decline after October (month 10) with the onset of cool weather, but this decline only returned populations to the pretreatment level.
The IPM treatment was signiÞcantly more effective at reducing cockroach populations. Cockroach populations were effectively suppressed in all but 10 units, reducing the number of cockroaches per unit per building from a pretreatment average of 23 cockroaches to an average of 7.9 cockroaches per unit per building by month 7 (Table 5) . After month 7, cockroach populations in the IPM treatment remained suppressed for the duration of the test.
It is important to note that the actual monthly per unit trap catch (Fig. 2) is lower for both treatments than the adjusted trap catch reported in Table 5 . This difference between the actual and the adjusted trap catch is due to our adjusting the initial cockroach population means to compensate for differences between the two cockroach population levels before treatment. Also, the adjusted means for each population within a building were averaged to determine the monthly treatment means.
Discussion
Treatment Costs. Technician Time. The results of this study conÞrm the assumption that the cost of IPM for German cockroach control is signiÞcantly more Fig. 1 . Long-term cost analysis of the IPM treatment methodology compared with a TBCC treatment. The cumulative average per unit cost Ϯ SE, for technician time, product cost, and total treatment cost, are presented as a function of the number of units treated. The average costs for treating 600 units that are followed by different letters are signiÞcantly different (StudentÕs t-test, P Ͻ 0.05).
expensive than that of more traditional treatment. The cost difference was particularly apparent at the initiation of the program when technicians took a lengthy amount of time to clean out (vacuum) the IPM units. The cost of technician time during the clean-out had a signiÞcant impact on the average IPM treatment cost for the entire year. In fact, technician time was the single greatest expense for the IPM program.
Less pesticide was applied in the IPM units than in the TBCC treatment, yet technicians had to spend more time applying the products. Applying baits and IGRs was more time-consuming because technicians had to seek out cockroach harborages and resources to place them effectively (precision targeting). These target locations varied from one apartment to another, requiring technicians to inspect each kitchen and bathroom before applying the baits or IGRs. By comparison, pesticide applications in the TBCC treatment were more standardized. Technicians had only to spray exposed baseboards and concentrate their dust applications in consistent locations such as behind the refrigerator, behind the toilet, and around pipe chases.
Product Costs. The products used in the IPM program were signiÞcantly more expensive per gram that those of the TBCC program. The amount of formulated product applied during the initial clean-out in the IPM treatment was Ͻ6 g per unit but the cost was $2.86. This product cost was Ϸ20 times that of the TBCC treatment (0.13¢) even though the average amount of pesticide applied in the TBCC units was Ϸ140 g. This 20-fold difference in product cost between the treatments remained constant throughout the year, even after the majority of IPM units had been moved to the quarterly schedule.
One reason that product cost did not decrease after a large number of IPM units were moved to the quarterly treatment was that the new schedule changed the way that the technicians treated the remaining units. When relieved of the burden of treating all 50 IPM units, the technicians applied more bait in the Cockroach population means were adjusted to account for differences in infestation levels before treatment. Adjusted trap catch was averaged by building to determine treatment means (df ϭ 1.19).
* Pretreatment ** First treatment applied month 1, trap catch recorded 24 h after treatment.
Proc GLM repeated analysis contrast test (SAS Institute 1999). Mean trap catch within a single month followed by different letters are signiÞcantly different P Յ 0.05. remaining units than before. For example, during the initial clean-out when cockroach numbers were the worst, the average amount of bait applied was 5.5 g per unit. However, when the technicians had to treat only 10 units in months 5 and 6, they applied an average of 10.1 and 13.1 g, respectively, to each of those units. The twofold increase in the amount of bait applied in the "problem units" contributed to the relatively high monthly cost of the IPM program, even when the majority of units were not being treated at all.
Another cost associated with the IPM treatment that was not given consideration in our study was that of the LilÕ Hummer vacuum. Although a number of the larger pest management companies are starting to use vacuums as part of their pest control service, many companies do not yet carry vacuums as part of their standard equipment. If a company had bid on the 50 IPM units in this study as a new IPM account, the purchase of the LilÕ Hummer vacuum would have contributed to the cost by Ͼ$330.00 or Ͼ$6.60 per apartment unit.
Cost Evaluation. We have established that the cost of IPM was initially very high, yet as predicted by the proponents of IPM, the cost of the program declined over time. The cost of IPM was substantially reduced after the initial clean-out when we entered the maintenance phase of the program in month 2. By month 3, there was enough cockroach control to begin moving units to the quarterly treatment, reducing costs further (Table 4) . As more and more units were added to the quarterly treatment schedule, the cost of IPM continued to decline to a minimum cost of $4.06 by month 12. This decline represented a 72% per unit cost reduction from the initial clean-out cost of month 1. We were able to determine from these results that the longer a group of buildings was under an IPM treatment regimen the more economical IPM would become. Thus, it would be reasonable to suggest that if this test were to continue for a second year, the cost of the IPM program would continue to decrease. However, it is doubtful that the cost of IPM would ever be equivalent to that of the TBCC treatment even under conditions of total cockroach control.
The cost of the TBCC treatment was also found to decrease over time. From an initial cost of $2.64 per unit to treat 50 units, the average cost declined to $1.43 per unit after treating 600 units. This was a 46% reduction in per unit cost. However, this cost reduction was not due to any evidence of cockroach control but rather the increased speed at which the technician had learned to apply the treatment.
Treatment Efficacy. The results of this study conÞrmed that Kramer et al. (2000) were correct in their assertion that IPM could reduce cockroach infestations in spite of poor sanitary conditions. These results were very promising because many studies have evaluated the effect of sanitation on German cockroach control programs. All have concluded that poor sanitation inhibited control efforts and increased cockroach potential for survival (Gupta et al. 1973 , Sherron et al. 1982 , Bennett et al. 1984 , Farmer and Robinson 1984 , Milio et al. 1986 , Appel 1990 ). Therefore, we also would have predicted that with no cooperation from the residents to improve sanitation, the cockroach populations in the two treatments would have been the same at the completion of the test. However, we did observe a signiÞcant decrease in the German cockroach populations within the IPM units.
From the very Þrst IPM treatment, we observed a population decrease between the baseline and January trap catch (Fig. 2) . This initial decrease could not be attributed to the efÞcacy of the baits or the IGRs because neither work fast enough to affect a population within 24 h. Therefore, we credit the use of the vacuum with removing or at least disrupting the cockroach population enough to have caused this decrease in trap catch. So, although our efforts at sanitation may have been very cursory, they did seem to have an initial impact on the population.
As the IPM test progressed, we observed a steady population decrease (Fig. 2) that could be attributed to the efÞcacy of the bait and IGRs. After 6 mo of treatment, 40 of the IPM units had so few cockroaches that we could take them off the monthly treatment schedule. This left 10 units that required monthly bait applications. Yet, even these last 10 units had marked decreases in their respective cockroach populations. The average trap catch for all the IPM units stabilized at approximately Þve cockroaches per unit by month 4 and did not exhibit the normal population increase during the summer that we observed in the TBCC treatment units.
The seasonal timing of our test had an important effect on the efÞcacy observed in the IPM-treated apartments. We began our treatment in January when the cockroach populations were at the lowest level for the year. We were able to affect the cockroaches early enough to eliminate a large portion of the breeding population thus preventing the natural summer population increase. Had we started the treatment in June, the population would have been increasing every month, making it difÞcult to observe the effects of the treatment. Likewise, if we started the IPM program during the fall when the cockroach populations were in a natural decline, it would have been impossible to quantify what proportion of the decrease could be attributed to the treatment.
When the efÞcacy of the IPM treatment was compared with that of the TBCC treatment, there was a dramatic difference. Cockroach populations in the TBCC treatment seemed to be relatively unaffected by the applications of the Tempo SC Ultra and the Borid Turbo dust. Because the Tempo SC Ultra was a contact insecticide, we had expected to see some treatment effect within 24 h of the initial clean-out. However, trap catch in month 1 was not reduced from the baseline trap catch recorded before treatment. We did observe a population decrease in month 2. However, by the third treatment the population had rebounded and remained stable until month 5 when the population experienced the natural summer increase described by Koehler et al. (1987) and Ross et al. (1984) .
A possible explanation for the failure of the TBCC treatment to reduce cockroach populations was cyßuthrin resistance. The population decrease observed in month 2 and subsequent rebound in month 3 suggested that we had eliminated the susceptible portion of the population at the beginning of the test. However, the Borid Turbo did not have a signiÞcant impact on the cockroach population either. Because there is no literature to suggest German cockroach resistance to disodium-octoborate-tetrahydrate, we had to conclude that there were possibly multiple factors contributing to the failure (moisture clumping the dust, grease binding the active ingredients, and resistance) of the TBCC treatment.
Summary. The TBCC treatment, although considerably less expensive to apply than IPM, was not effective in reducing cockroach numbers to an acceptable level. IPM was more expensive than the TBCC treatment, yet signiÞcantly less pesticide was applied in the IPM units. IPM also controlled German cockroach infestations, even under conditions of poor sanitation. The possible health beneÞts associated with reduced pesticide use and the elimination of cockroaches may off-set some of the monetary costs of IPM. A cost-beneÞt analysis of IPM in public housing will be presented in a subsequent study.
Practical IPM. The data presented here represent a controlled test where the IPM methodology was identiÞed as a superior means of reducing cockroach populations and pesticide use in public housing units. However, considering the higher cost of IPM, the question then becomes, how can a PMP make IPM practical to apply in the Þeld? We suggest that any PMP interested in offering IPM as part of his or her service have a very good grasp of operating costs for both the clean-out and maintenance portions of the contract and a willingness to set prices accordingly. It would also be advantageous for the PMP to investigate the treatment history of the facility to determine whether there might be cockroach resistance to certain active ingredients or chemical classes. Because monitoring is an essential component of IPM, a pest control operator would need to develop a workable monitoring program. In this study, we had the luxury of being able to pick up monitoring traps 24 h after treatment. This would be an impractical expense for a pest control company. One alternative would be to use very sturdy traps and put them in consistent, hidden locations each month. When the technician returned the following month, he or she could visually inspect the traps. A predetermined threshold level of Ϸ30 cockroaches (three cockroaches per day) or less in all three traps, would determine whether an apartment unit was ready to be moved to a quarterly treatment schedule.
Arguably, the most important requirement for making IPM a practical method of pest control would be a policy change on the part of public housing. Currently, pest control contracts are most often awarded to the lowest bidder. The responsibility of cockroach control then becomes the purview of the pest management company. If residents complain about cockroaches in their apartments, the pubic housing authority is able to point to the pest control contract as evidence of their effort to take care of the problem. However, as this study demonstrated, neither public housing nor the pest management company can expect to control cockroach infestations at a monthly price of $1.00 Ð2.00 per unit. Furthermore, the public housing authority needs to be made aware that such low-cost contracts are completely inadequate. Thus, the practicality of IPM depends on two fundamental changes: Þrst, public housing must be willing to pay a higher price for pest control if they expect to control cockroach infestations; and second, pest management companies must be aware of their costs and willing to charge what it would take to do the job.
